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In this issue, Panatier et al. (2011) show that astrocytes detect synaptic activity induced by single
action potentials and upregulate basal synaptic transmission through calcium-dependent mecha-
nisms and purinergic signaling. These results demonstrate the relevance of astrocyte calcium in
neurophysiology and confirm that astrocytes are actively involved in synaptic function.Although neurons are recognized as the
central players in information transfer and
processing in the brain, astrocytes, the
major type of glial cells in the central ner-
vous system, are generally thought of
as playing a supportive role for neurons.
This basic notion is being challenged by
accumulating evidence revealing that as-
trocytes take part in active dialogs with
synapses, the specialized regions where
information transfer between neurons oc-
curs. Indeed, astrocytes respond with in-
tracellular calcium elevations to neuro-
transmitters released by neurons during
synaptic activity, and they release glio-
transmitters that influence synaptic func-
tion and plasticity (Serrano et al., 2006;
Perea and Araque, 2007; Henneberger
et al., 2010; Navarrete and Araque, 2010;
Santello et al., 2011). This has led to the
concept of ‘‘tripartite synapses’’ in which
astrocytes are integral elements (Perea
et al., 2009). This functional view is sup-
ported by the structural properties of
astrocytes, which display intricate mor-
phological arborizations with thick pro-
cesses arising from the soma that ramify
in dense small processes that enwrap
synapses. Panatier et al. (2011) present
work indicating that astrocytes can not
only detect synaptic activity triggered by
single axon potentials, but are also able
to communicate back to neurons to upre-
gulate basal synaptic transmission.
Studies of astrocyte physiology have
often focused on their calcium signal,
which is the main biophysical substrate
of astrocytic excitability and responsive-
ness to neurons. Due to technical limi-
tations, this signal has been generally
studied in the whole astrocyte, mainly inthick processes and in the soma, where
it is easily detected by calcium-sensitive
fluorescent dyes. Synapse-induced cal-
cium signals are observed in regions
close to synapses, which then spread to
other regions, including the soma (Gro-
sche et al., 1999; Perea et al., 2009).
Hence, somatic calcium is a useful pa-
rameter for detecting coarse astrocytic
activity but incompletely reflects astro-
cytic responsiveness and lacks high fidel-
ity of the spatial and temporal events that
occur at distal regions. In their elegant
new study, Panatier et al. have investi-
gated the calcium signal in small enlarge-
ments of the astrocytic processes—
astrocytic compartments— using fast
confocal calcium imaging in line-scan
mode in rat hippocampal slices. They
found that spontaneous calcium events
occur in these regions with relatively rapid
onset kinetics. More importantly, similar
events are elicited by evoking single ac-
tion potentials in presynaptic axons. The
authors simultaneously monitored cal-
cium signal in an astrocytic compartment
while minimally stimulating single or few
excitatory axons and recording neuronal
postsynaptic currents. They find that acti-
vation of putatively single synapses at
a relatively low rate induces unitary excit-
atory postsynaptic currents (EPSCs) as
well as rapid calcium events in astro-
cytic compartments, which do not spread
along the process but remain localized in
those regions. Although other studies
analyzing somatic calcium indicate that
intense and sustained synaptic activity is
necessary to evoke astrocyte calcium
responses in the soma, probably through
intracellular signal propagation (GroscheCell 146, Set al., 1999; Fiacco and McCarthy, 2004;
Perea et al., 2009), this report demon-
strates that astrocytes can detect syn-
aptic activity mediated by single action
potentials. Moreover, calcium signals
evoked by uncaging glutamate are also
compartmentalized, indicating that gluta-
mate receptors and/or the intracellular
signaling machinery are spatially segre-
gated.
Several conclusions can be drawn from
these findings provided by Robitaille’s
group. First, astrocytes are as sensitive
as neurons in detecting synaptic activ-
ity. Second, the spatially restricted re-
sponses of astrocytes to single action
potentials suggest that they do not result
from an uncontrolled spillover of neuro-
transmitter; rather, they support the idea
that signaling between neurons and astro-
cytes—as occurs between neurons—is
a point-to-point form of communication.
Third, astrocytes, like neurons, have func-
tional subcellular microdomains special-
ized in synaptic activity detection (see
also Grosche et al., 1999). Whether func-
tional specializations also exist for glio-
transmitter release is an exciting possi-
bility that requires further investigation.
Fourth, because events detected in the
whole astrocyte during more sustained
synaptic activity probably result from
the intracellular propagation of localized
events, astrocytes may decode the tem-
poral properties of synaptic activity into
spatial signals. The temporal integration
performed by astrocytes may have im-
portant consequences on the spatial ex-
tension of the neuromodulatory signal
of astrocytes and their impact on neural
networks. Because a single astrocyteeptember 2, 2011 ª2011 Elsevier Inc. 675
Figure 1. Astrocytes Detect and Control Synaptic Transmission
As reported by Panatier et al. (2011), astrocytes detect unitary synaptic activity
driven by single action potentials. This occurs through metabotropic gluta-
mate receptor (mGluR)-mediated calcium elevations in compartments that are
in apposition with synapses. The astrocyte calcium signal may trigger the
release of different gliotransmitters. ATP/adenosine acting on purinergic A2A
receptors upregulates basal synaptic transmission, tonically increasing
synaptic efficacy (Panatier et al., 2011). ATP/adenosine acting on purinergic A1
receptors depresses synaptic transmission (Pascual et al., 2005; Serrano
et al., 2006). Glutamate acting on mGluRs transiently potentiates synaptic
efficacy (Fiacco and McCarthy, 2004; Perea and Araque, 2007; Navarrete and
Araque, 2010). The spatiotemporal properties of the calcium signal are rele-
vant for a coherent understanding of themultiple neuromodulatory signals. For
simplicity, other important astrocyte signals involved in synaptic function are
omitted, such as D-serine release and postsynaptic NMDA receptor modu-
lation (Henneberger et al., 2010) or glutamate release and presynaptic NMDA
receptor activation (Santello et al., 2011).contacts thousands of syn-
apses, the controlled propa-
gation of the calcium signal
could lead to the differential
neuromodulation of specific
synapses, providing an ex-
traordinary increase in the
degrees of freedom of the
system.
What are the consequences
of the astrocyte calcium sig-
nal on synaptic transmission?
Robitaille and colleagues also
add further insight on this ex-
citing topic. Whereas previ-
ous studies tested the conse-
quences of elevating calcium
in astrocytes and showed
increases in spontaneous
EPSCs (FiaccoandMcCarthy,
2004) and in the probability
of neurotransmitter release at
single synapses (Perea and
Araque, 2007; Navarrete and
Araque, 2010), Panatier et al.
(2011) use an alternative ap-
proach. They blocked the cal-
cium signal by loading astro-
cytes with BAPTA and tested
the effects on basal synaptic
transmission (assessed by
minimal stimulation-evoked
EPSCs). They find that, in the
absence of calcium signals in
astrocytes, theefficacyof syn-
aptic transmission is greatly
decreased through a presyn-
aptic mechanism, indicating
that astrocytes upregulate
basal synaptic transmission
in a tonic fashion. These re-sults are extremely relevant to our under-
standing of synaptic physiology because
they indicate that astrocytes are respon-
sible for setting the basal efficacy of
unitary communication between neurons.
What are the mechanisms underlying
the regulation of basal synaptic transmis-
sion? The authors show that, although
astrocytic mGluR5 receptors are respon-
sible for sensing glutamatergic synaptic
activity and elevating calcium, they are
not involved in the upregulation of basal
synaptic transmission, which is mediated
by activation of A2A purinergic receptors
present at presynaptic terminals (Fig-
ure 1). This is consistent with the ability
of astrocytes to release ATP, which is676 Cell 146, September 2, 2011 ª2011 Elsethen converted to adenosine by extracel-
lular ATPases. However, other studies in
the same CA1 hippocampal region have
shown that astrocytic ATP/adenosine
tonically depress synaptic transmission
acting on presynaptic A1 receptors (Pasc-
ual et al., 2005; Serrano et al., 2006) and
that glutamate released from astrocytes
(stimulated to acutely elevate their cal-
cium levels) transiently potentiates syn-
aptic efficacy through mGluR-dependent
presynaptic mechanisms (Fiacco and
McCarthy, 2004; Perea and Araque,
2007; Navarrete and Araque, 2010).
These results, apparently contradic-
tory, may instead be complementary and
reveal important aspects of the controlvier Inc.of synaptic function by as-
trocytes. Although studies in
general are designed to inves-
tigate the involvement of as-
trocytes in particular phenom-
ena, in actuality, their effects
could be much more complex
because several neuromo-
dulatory mechanisms may
coexist. Indeed, astrocytes,
which are able to release dif-
ferent gliotransmitters (such
as glutamate, ATP, or D-
serine), could influence syn-
aptic transmission in multiple
forms, depending on the type
of gliotransmitter released
and the type of neuronal re-
ceptors targeted, as well as
their pre- or postsynaptic
localization (Figure 1). For in-
stance, it is possible to en-
visage the coexistence of sus-
tained astrocytic purinergic
signaling, which tonically up-
or downregulates synaptic
activity by activation of A1 or
A2A receptors (Serrano et al.,
2006; Pascual et al., 2005;
Panatier et al., 2011), and
phasic glutamate signaling
evoked by acute calcium ele-
vations that transiently po-
tentiates synaptic transmis-
sion by activating presynaptic
mGluRs (Fiacco and McCar-
thy, 2004; Perea and Araque,
2007; Navarrete and Araque,
2010) or NMDA receptors in
other hippocampal regions
(Santello et al., 2011).Panatier et al. provide strong evidence
supporting the relevance of the astro-
cyte calcium signal in neurophysiology.
Further studies are required to under-
stand how the magnitude and spatio-
temporal properties of this signal affect
gliotransmission (which, when, and where
a given gliotransmitter is released) and
its consequences on synaptic function
(what type of receptors are activated
and where in the pre- or postsynaptic
membrane). The physiological circum-
stances and the astrocytic cellular code
that lead to different neuromodula-
tions are largely unknown but will need
to be elucidated to coherently under-
stand the actual impact of the multiple
astrocytic-signaling processes in neural
network function.
Robitaille’s group demonstrates that
astrocytes detect and regulate basal
synaptic transmission, the elementary
communication between neurons, at sin-
gle synapses, which fuels an ongoing shift
in neuroscience toward the view that brain
function results not only from neuronal
activity, but also from the signaling
between astrocytes and neurons. At the
present stage, we are just getting a small
glimpse of the complex dialog between
neurons and astrocytes, but, as this
elegant study exemplifies, the more welook at this communication, the more its
richness is revealed.REFERENCES
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